Among the investigations conducted on the space shuttle flight STS 3 of March 1982 was an experiment in which a 1-keV, 100-mA electron gun was pulsed at 3.25 and 4.87 kHz. The resultant waves were measured with a broadband plasma wave receiver. At the time of flight the experimental setup was unique in that the electron beam was square wave modulated and that the shuttle offered relatively long times for in situ measurements of the ionospheric plasma response to the VLF pulsing sequences. In addition to electromagnetic response at the pulsing frequencies the waves exhibited various spectral harmonics as well as the unexpected occurrence of "satellite lines" around those harmonics. Both phenomena occurred with a variety of different characteristics for different pulsing sequences.
periments. In addition, the chamber was terminated on both ends with a grounded conductor. On the shuttle, of course, the beam was frequently unbounded on one end, and since the shuttle's thermal insulating tiles are also electrically insulating, even when the beam hit a shuttle surface, the boundary conditions were quite different. a. One of the primary results of the chamber experiments was the observation of beam plasma discharge (BPD), which was found to occur under almost all chamber conditions, provided the beam current was large enough [Denig, 1982; Banks et al., 1982; Raitt et al., 1982] . On STS 3, however, BPD may not have occurred at all and certainly was not a primary effect in the FPEG sequences with short (<0.2 ms) beam emission times [Banks et al., 1987] . This is in agreement with the predictions of Bernstein et al. [1982] , which suggested that BPD should not occur at the relatively low neutral gas pressures encountered by the orbiter. b.
EXPERIMENTAL CONSIDERATION
The Fast Pulsed Electron Generator is a versatile squarepulsed electron beam generator. It was normally operated with a beam energy of I keV and a current of 100 mA for a total beam power of 100 W. On a few occasions, however, it was also operated at 50 mA to produce a 50-W beam. The beam half-angle divergence at the FPEG exit is approximately 7.5 ø . The gun direction is fixed with respect to the orbiter, pointing perpendicularly outward from the payload bay. Both the beam on and off times for the pulses were command controllable.
The minimum on or off times were 600 ns, and the maximum on times were 107 s. The beam current had a nominal rise time of 100 ns. Each gun firing, or pulsing period, could contain up to 32,768 pulses. Thus a wide varie•ty of modulation patterns were possible. The primary diagnostic tool for studying the beam plasma interaction was the University of Iowa Plasma Diagnostics Package (PDP) which contained an array of sensors which are described by Shawban [1984a, Table 1 ]. The three instruments of principal interest to this investigation were an electric field antenna, a magnetic field search coil and a LowEnergy Proton and Electron Differential Energy Analyzer (LEPEDEA). The ac electric field analyzer and magnetic field search coil were alternately connected to a wideband receiver which was sensitive in the range 10 Hz to 30 kHz. The LEPEDEA is sensative to electrons and positive ions with energies from 2 to 50 eV. During most of the flight the PDP was attached to a pallet in the orbiter cargo bay but during two intervals it was grappled with the Remote Manipulator System (RMS) and moved to selected locations outside the payload bay to distances of 15 m.
Most instruments on the PDP were sampled every 1.6 s. For the electric and magnetic field antennas, however, a continuous recording scheme was used to obtain wideband spectrographic records. The high-resolution spectrum analyzer records two sets of data simultaneously in the ranges 10 Hz to I kHz (ELF) and 400 Hz to 10 kHz (VLF). The ELF band recorder switches between the electric and magnetic antennas. The VLF data recording scheme is more complicated. It also follows the electric/magnetic switching pattern, but within each antenna period, three frequency ranges are recorded as follows: 400 Hz to 10 kHz for 25.6 s; then through frequency shifting and inversion, 19.6 to 10 kHz is recorded for 12. During the VLF sequences many other phenomena can be seen in addition to the discrete emissions at the pulsing frequencies. A variety of interesting results can be broadly classified under the two categories "harmonic structure" and "satellite lines." A third category, which may be related to the second, can be called "subharmonics." These will be examined in detail below and analyzed in the following section. The most common type of satellite line is a single subsidiary line which is higher in frequency than its primary. For both fundamental pulsing frequencies, the vanishing harmonics correspond to 9.75, 19.75 and 27.24 kHz, hence the term "forbidden frequencies." These frequencies are, of course, forbidden only for our particular choice of pulsing parameters and are a result, in part, of the Fourier decomposition of the given waveform. As Figures 4-6 indicate, our data conformed with theory in many cases but deviated from that theory for the majority of VLF sequences.
Efforts have been made to isolate the physical factors which give rise to the presence of unexpected harmonics. However, no correlation was found between the amplitude of the harmonics and the best estimated trajectory (BET) environmental parameters, which include the magnetic field vector, the ram (or antivelocity) vector, altitude, latitude, longitude, L shell, and a day/night parameter. In addition, there were the calculated variables such as electron beam column radius (electron gyroradius), the electron beam column center to detector distance, the V xB vector, and a shuttle hit/miss parameter. Two-variable scatter plots were made for each pair of parameters and sequences with particular spectral characteristics given different symbols to determine if there was a preferred region of, or trajectory in, parameter space which contained the sequences which conformed to theory and another region, or trajectory, which contained those which did not. Due, in part, to the fact that many parameters covered only a small part of their total possible range, the results were ambiguous, and no correlations could be found for any of the above mentioned parameters. We can conclude, then, that the factor controlling the presence of lines at the "forbidden frequencies" is variable but is not a simple function of the orbiter environment. We have also investigated the possibility that the varia- 
CONCLUSIONS
In summary, our primary observation was the existence of a narrowband electromagnetic response detected at the pulsing frequencies of 3.25 and 4.87 kHz. In addition, narrowband lines were seen at harmonics of those frequencies. The harmonic structure often deviated from predictions, but the causes for those deviations are, as yet, unknown. Another prominent feature which was frequently observed in the spectra was the presence of "satellite lines" which appear to be related to the presence of energetic electrons around the PDP as measured by the LEPEDEA and a corresponding decrease in current flow to the orbiter near the FPEG. subharmonics were observed during VLF sequences at frequencies far below the fundamental pulsing frequencies. There is statistical evidence that they are part of the same phenomenon which produces the "satellite lines." The exact nature of that phenomenon and the cause of the deviation of the primary harmonic structure from theory are areas of ongoing research.
